The leaves of Peatasites japonicus are a traditional oriental medicine with diverse biological activities.
Introduction
Petasites japonicus (Sieb. et Zucc.) Maxim, is a perennial herbaceous, belonging to the family Compositae, distributed in Korea, Japan and East China. It has been consumed as a wild leafy vegetable in recent years [14, 16] . P. japonicus has been utilized as a folk medicine for the treatment of furunculosis, contusion, wounds, and snakebites [10] .
Previous phytochemical investigations on P. japonicus contained the main presence of sesquiterpenoids, especially eremophilane-type sesquiterpenoids [9, 15, 17, 22, 23, 24] . In our survey process on biologically active substances in medicinal plants, considerable attention has been given to the occurrence of compounds with anti-inflammatory, anticancer, and neuroprotective effects [7, 9, 12, 13] , since these substances are expected to be potentially useful for the treatment and prevention of Parkinson's diseases [5] . As a continuation of our work on the search for bioactive substances from traditional folk medicines or medicinal food [7, 12, 13] , we reported on the structural elucidation of sesquiterpene lactones from the leaf of P. japonicus, and confirmed that the bakkenolide B exhibited significant anti-allertic activity [9] . Bakkenolide-B is the major sesquiterpene lactones in P. japonicus and can be utilized to evaluate their quality. The distribution of the medicinal constituents plays an important role in raw material selection for medical extract production.
However, there is no report about analytical methods for the seasonal changes and plant parts of bakkenolide B in P. japonicus. There is a great interest in establishing an analytical method for the quality control of P. japonicus for better applications in the medicinal herb industry. Therefore, we focused our investigations on the isolation and characterization of bakkenolide B, and its contents in different seasons under sonicator for one hour at room temperature. The hexane extract was chromatographed on a silica gel column using a step gradient 2.5%, 15%, 25% acetone in dichloromethylene and 15% and 25% MeOH in chloroform to obtain 62 fractions. Fraction 9 was successively separated on a Sephadex and normal silica column to yield bakkenolide B (173.8 mg). and parts of P. japonicus were compared to establish the effectiveness of the method.
Materials and Methods
Materials P. japonicus were planted at the Agricultural Experimental Field (Miryang, Gyeongnam) of Pusan National University in November, 2012 and leaves, petioles and rhizomes collected with one month interval from March to August, 2013. These samples were stored at -20℃ prior to testing. A voucher specimen (accession number MW-PRDR-11) was deposited at the Herbarium of Pusan National University.
HPLC-grade water and acetonitrile were purchased from Fisher (Fair Lawn, NJ, USA). Distilled water was produced from Milli-pore water purified system. All the solutions were degassed by an ultrasonic bath before use. Bakkenolide B was extracted and purified from the leaves of P. japonicus with minimum purity of 98.0% by GC-MS (Gas chromatography-mass spectrometry). The chemical structure of bakkenolide B was identified by spectral method ( 1 H NMR, 13 C NMR, 2D NMR and MS) and confirmed by comparing with those in literature [1] . The 1 H-NMR, 13 viously reported spectral data [6, 11] .
Sample preparation
All samples (including leaves, petioles and rhizomes) were stored at -20℃ for use. A sample of 1 g fresh weight was mixed by using mortar and pestle and sonicated in 5 ml MeOH for 60 min three times. The extract was centrifuged at 3,000 rpm for 10 min and collected supernatant was then adjust to 15 ml with MeOH. The sample solution was filtered through a 0.45 μm membrane before HPLC (performance liquid chromatography) analysis. In the course of our survey on pharmacologically active substances in medicinal plants [7, 12, 13] , much attention has been given to the occurrence of compounds with anti-allergic effects, since these compounds are expected to be potentially useful for the treatment and prevention of Parkinson's disease. We investigated the chemical constituents of the leaves of P. japonicus, of which the hexane extract showed moderate anti-allergic effects [9] . As a result of further chemical investigation for bioactive products, bakkenolide B were isolated from the leaves of P. japonicus. Herein, we describe the isolation and structural elucidation of bakkenolide B (Table 1 . and Fig. 2 ).
Molecular formula of Bakkenolide B (BB), C22H30O6, was determined by GC-MS (m/z 390 for C22H30O6). The 1 H NMR data (Table 1) Bakkenolide B was determined to be optically active and to contain a bakkenolide-type skeleton with two substituents on C-1 and C-9 based on their 1 H-NMR and 13 C-NMR spectra (Table 1) x is the peak area in UV chromatograms, Y is the compound amount injected y LOD refers to the limits of detection x LOQ refers to the limits of quantification lide-type sesquiterpene with an acetoxy and an angeloyloxy [1, 18, 21] . The further analysis of HSQC and HMBC spectra confirmed the presence of the bakkenolide-type skeleton, the acetoxy, and the angeloyloxy groups. The HMBC correlations of H-9 to the carbonyl carbon of the acetoxy, and H-1 to the carbonyl carbon of the angeloyloxy, revealed that the acetoxy and the angeloyloxy were attached at C-1 and C-9, respectively. By analysing the HSQC, HMBC, and 1 H-1 H COSY spectra (Fig. 2) , all the proton and carbon signals were assigned unambiguously. Thus, the planar structure of BB was disclosed.
Analytical conditions HPLC conditions, especially the mobile phase and its elution program, are also of importance for the determination of the compound in the biological matrix. In this study, we found that a mobile phase consisting of acetonitrile and H2O can separate bakkenolide B (Fig. 3) . The selection of the LC conditions was guided by the requirement for obtaining chromatograms with better resolution. The LC conditions developed in this study produced full peak-to-baseline resolution of the major active bakkenolide B present in P. japonicus sample. On the basis of UV maximal absorption of the bakkenolide B shown in Fig. 3 , the choice of detection at 215 nm for quantitative analysis was appropriate.
Validation of the method
The analysis method for bakkenolide B was validated based on linear calibration curve with r 2 , linear range, LOD and LOQ of bakkenolide B. As a result, calibration curve showed good linear regression (r 2 =0.999) within test ranges; the LOD (S/N=3) and the LOQ (S/N=10) for the bakkenolide B were less than 1.05 and 3.38 μg in 210 nm and 2.26 and 6.84 μg in 254 nm, respectively ( Table 2) . Table 3 shows the results of precision of the bakkenolide B. It indicates that the RSD of the overall 215 and 254 nm wavelength variations were less than 1% for bakkenolide B.
Besides, validation studies of this method proved that this assay has a good reproducibility with RSD also less than 1% for the bakkenolide B.
The developed analytical method has good accuracy with the overall recovery from 97.34 to 107.45% at intra-day and 100.22 to 105.91% at inter-day for 3 different spike levels ( These literatures [19] and our results provide useful analysis method for determination of bekkenolide B. Wildi et al. [20] conducted the analyses of petasin distribution in rhizomes and leaves of the plant. The mean petasin content of populations ranged from 7.4 to 15.3 mg/g dry weight in rhizomes and from 3.3 to 11.4 mg/g dry weight in leaves of P. hybridus. The concentration of bakkenolides was found to be significantly higher in rhizomes than in flowers and leaves of P. tricholobus [19] . Chizzola et al. [4] analyzed the essential oil content of leaves, roots and flower stems of P. japonicus with GC and GC-MS. According to these results, contents of bakkenolode B and other bioactive compounds were different with plant parts, but bakkenolide B was generally found in younger metabolically active parts of leaves and it was also lower content in petioles and rhizomes (Fig.   4 ). The seasonal variation of bakkenolide B content in leaves, petioles and rhizomes decreased with later collection date.
In this sense, the leaves are more favorable for harvesting with much higher bakkenolide B concentrations ( Fig. 4 ) and
petasin rich extracts [8, 20] since the changes in petasin concentrations between leaves and rhizomes of the plant are not tremendous [3] . In conclusion, a simple, accurate and rapid HPLC method was developed for bakkenolide B in 
